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1.0  PURPOSE 


The  purpose  of  this  program  is  to  provide  the  necessary  person¬ 
nel  and  facilities  required  to  design,  fabricate,  test,  and  deliver  the 
intensified  quandrat  photomultiplier  tubes  (Digicons)  required  to  support 
the  SHAD  experiment.  Deliverables  included  two  (2)  breadboard  tubes, 
three  (3)  space-qualified  tubes,  reports,  and  data. 

All  work -requirM  by  this  contract  has  been  accomplished.  Two 
-{?)  breadboard  tubes  were  fabricated,  the  design  verified  through  testing 
and  the  tubes  delivered.  Three  43f~space-qual if ied  tubes  have  been  fabri¬ 
cated,  tested,  and  delivered.  All  reports  and  data  requirements  will  have 
been  satisfied  with  the  subn>ittal  of  this  final  report. 
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2.0  SHAD  DIGICON  DESIGN 


2.1  BACKGROUND 

The  design  of  the  quadrant  photo  tube  for  the  SHAD  Experiment 
was  derived  from  the  quadrant  Digicon  guider  tube  developed  by  SAIC  under 
contract  to  the  University  of  Maryland. 

The  Digicon  tube  is  an  imaging  tube  with  a  photocathode  as  an 
electron  source  on  one  end  and  a  monolithic  silicon  photodiode  array  as  a 
detector  on  the  other  end  (Fig.  1).  Electrons  produced  by  incoming  photons 
at  the  photocathode  are  accelerated  by  an  electrostatic  field  and  detected 
by  the  diode  array.  Each  photodiode  serves  as  the  high-gain  first  stage 
of  a  detector  channel,  producing  a  charge  pulse  of  approximately  5000 
electron-hole  pairs  for  each  incident  photoelectron.  Each  current  pulse 
is  amplified  by  a  charge  sensitive  preamplifier  and  is  "counted"  if  it  ex¬ 
ceeds  a  preset  discriminator  threshold  level.  The  Digicon  is  characterized 
by  a  wide  dynamic  range,  low  noise,  high  photometric  accuracy,  and  high 
reliability. 

2.2  SHAD  DESIGN 

The  design  goals  for  the  SHAD  Flight-Qualified  tube  are  listed 
in  Table  1.  In  order  to  satisfy  them,  revisions  were  made  to  the  internal 
tube  structure  making  it  more  compatible  with  the  vibration  environment 
to  be  encountered.  The  quadrant  diode  array  design  was  revised  to  specify 
the  tighter  inter-diode  spacing  recommended  by  Dr.  Currie.  See  Fig.  2 
SAIC  Drawing  No.  131-18-111-203. 

The  packaging  and  encapsulation  design  was  completely  revised 
for  this  application.  The  magnetic  shield  was  redesigned  to  provide  a 
closed  shield.  The  encapsulant  and  HV  cables  were  changed  in  order  to  be 
compatible  with  the  requirement  for  use  of  space-qualified  materials,  and 
the  method  of  attaching  the  High  Voltage  cable  revised  to  accommodate  the 
spacecraft's  environmental  requirements. 


Figure  1.  Quadrant  Digicon— Unencapsulated  View. 
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Table  1.  SHAD  Quadrant  Digicon  Performance  Goals. 


1. 

PHYSICAL  (See  Figure  4) 

• 

Length 

3.50"  ±  0.01" 

• 

Diameter 

2.00"  ±  0.01" 

• 

Weight 

<350  grams 

• 

Array  Configuration 

See  Fig.  2 

2. 

ELECTRICAL 

• 

Diode  Leakage  Current 
(6V  Reverse  Bias) 

<1  nA  (4  central  diodes) 

• 

Diode  Capacitance 
(6V  Reverse  Bias) 

<15  pf  (4  central  diodes) 

• 

AE/E  at  15  kV 

<0.25  (4  central  diodes) 

3. 

PERFORMANCE  AT  15  kV 

• 

Photocathode  Quantum 
Efficiency 

400  nm  25% 

500  nm  1 5% 

700  nm  2.5% 

800  nm  0.1% 

• 

Dark  Count 

<25  ct/sec/diode  (avg  of  4  central 
diodes) 

• 

Magnification 

0.6  <  m  <  1 

• 

Error  Function  (10-90%) 

50y 

• 

Uniformity  (4  central 
diodes) 

±5% 

4. 

ENVIRONMENTAL 

• 

Vacuum  Operation 

Compatible 

• 

Temperature 

-40°C  to  +55°C 

• 

Vibration 

See  SHAD  Vibration  Levels 

1.0 


Figure  5.  SHAD  Vibration  Levels 
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The  encapsulation  technique  has  been  described  in  detail  in  a 
report  to  ONR,  SAI-83/1421,  dated  December  1,  1983.  The  final  encapsulated 
tube  assembly  is  shown  in  Fig.  3,  SAIC  Drawing  No.  131-18-110-000.  The 
interface  drawing,  SAIC  Drawing  No.  131-18-110-001  is  provided  in  Fig.  4. 


gure  3.  SAIC  Drawing  No.  131-18-110  000. 
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TEST 

DATE 

4.1 

PHOTOCATHODE  RESPONSE  (QE) 

_ 

4.2 

DIODE  ARRAY  RESPONSE 

a. 

Leakage 

b. 
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c. 
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DIGICON  PERFORMANCE 
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d. 

Uniformity 
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4.4 

PHYSICAL 

a. 
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b. 
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APPENDIX  A 


SHAD  SPACE-QUALIFIED  TUBES  TEST  DATA 

673- 5  Design  Verification  Unit  (DVU) 

676-5  First  Flight  Tube  (F-1) 

691-5  Second  Flight  Tube  (F-2) 

674- 5  Third  Flight  Tube  (F-3) 

Unencapsulated  Tube  (Spare) 


672-5 


All  tests  were  monitored  by  both  SAIC  Quality  Engineering  and 
the  appointed  Government  representative. 

Test  data  is  included  in  Appendix  A. 

3.2.4  Space-Qualified  Tube  Delivery 

The  Design  Verification  Unit  (DVU)  was  delivered  to  ONR  at  ITE, 
Beltsville,  Maryland  on  June  1,  1984. 

Following  selection  by  ONR,  Tube  S/N  676-5  was  selected  to  be 
encapsulated  into  the  first  Space-Qualified  Tube  (F-l).  This  tube  was 
delivered  on  June  6,  1984. 

Following  the  processing  and  testing  of  the  redder  photocathode 
tubes.  Tube  S/N  691-5  and  S/N  674-5  were  selected  for  use  in  the  second 
and  third  Space-Qualified  Tubes  (F-2  and  F-3).  These  tubes  were  delivered 
on  October  8,  1984  and  December  3,  1984,  respectively. 

Tube  S/N  672-5,  which  is  a  good  operating  device  but  not  selected 
for  use  as  a  deliverable  flight  tube,  is  still  unencapsulated.  It  is  being 
held  in  SHAD  residual  inventory  at  SAIC. 


4 

672-5 

Good  Tube 

Hold  in  Residual 

5 

673-5 

Good  Tube 

DVU  Tube 

6 

674-5 

Good  Tube 

F-3  Tube 

7 

676-5 

Good  Tube 

F-l  Tube 

At  this  point  SAIC  was 

directed  to  attempt  a  "redder" 

photocathode.  Three 

cathode  tests 

were  performed  on  S/N  686,  688  and  690. 

Then  the  last  two 

tube  runs  were 

;  made  using  the  "redder"  photocathode  process. 

8 

691-5 

Good  Tube 

F-2  Tube 

9 

695-5 

Noisy  Tube 

Scrap 

3.2.3  Space-Qualified  Tube  Testing 

Testing  of  the  Space-Qualified  Tubes  was  performed  in  accordance 
with  the  SHAD  Test  Plan,  TP  131-08-645-01,  Rev.  A,  and  the  SHAD  Acceptance 
Test  Procedures,  AT  18-4.0,  AT  18.1,  AT  18.2,  AT  18.3,  and  AT  18.4.  Test¬ 
ing  included  the  following: 

•  Manufacturing  Tests 

Incoming  Inspection 
In-Process  Inspection 

•  Unencapsulated  Digicon  Tests 

Photocathode  Response 
Diode  Response 
Digicon  Performance 
Physical  Inspection 

•  Encapsulated  Digicon  Tests 

Photocathode  Response 
Diode  Response 
Digicon  Performance 
Physical  Inspection 

Unencapsulated  tests  were  performed  on  all  tubes  produced.  Encap¬ 
sulated  Tube  Acceptance  Tests  were  performed  on  the  Design  Verification  Unit 
(DVU)  and  on  the  three  flight  tubes  delivered  (F-l,  F-2,  and  F-3). 


The  encapsulated  tube  design  was  revised,  modifying  the  anti¬ 
corona  shield  and  the  potting/installation  techniques. 

The  first  SHAD  breadboard  tube  was  re-encapsulated  in  the  re¬ 
vised  configuration  which  successfully  passed  thermal  cycling  between  +55°C 
and  -45°C.  This  tube  was  delivered  to  ONR  at  ITE,  Beltsville,  Maryland 
on  October  5,  1983  for  integration  testing. 

The  second  breadboard  tube  (S/N  651-5)  was  encapsulated  in  the 
new  configuration.  It  received  functional  performance  testing,  thermal 
cycling,  and  vibration  testing,  passing  all  successfully.  This  tube  was 
delivered  to  ONR  at  ITE  on  October  6,  1983. 

3.2  SPACE-QUALIFIED  TUBES 

3.2.1  Space-Qualified  Parts  Procurement 

The  parts  for  fabrication  of  the  Space-Qualified  Tubes  were  pro¬ 
cured  under  a  separate  contract,  N00014-82-C-0708.  All  parts  were  received, 
inspected,  and  tested.  We  found,  upon  testing,  that  the  diode  arrays  fabri¬ 
cated  for  these  tubes  failed  during  vacuum  bake.  After  several  reworks  and 
weeks  of  delays,  the  problems  being  experienced  (with  metal ization)  were 
identified,  and  we  received  usable  diode  arrays. 

3.2.2  Space-Qualified  Tube  Fabrication 

Nine  tube  runs  were  completed  for  the  fabrication  of  Space-Qual ified 
tubes.  The  sequence  and  results  are  listed  below: 

Tube  Run 

No.  Tube  S/N  Results  Assignment/Use 


3.0  HARDWARE  FABRICATION  AND  TESTING 


3.1  BREADBOARD  TUBES 

The  first  phase  of  this  program  was  to  design,  fabricate,  encap¬ 
sulate,  and  test  two  (2)  breadboard  tubes  of  the  design  to  be  used  in  the 
space-qualified  devices  to  follow. 

3.1.1  Breadboard  Tube  Fabrication 

The  two  breadboard  quadrant  tubes  were  fabricated  successfully 
and  tested  for  operation.  These  were,  respectively,  S/N  638-5  and  651-5. 

Tube  S/N  638-5  was  selected  for  encapsulation  processing  and  test 

while  S/N  651-5  was  designated  the  life  and  environmental  test  unit.  The 

Life  Test  was  performed  on  this  tube  with  no  unacceptable  degradation  of 

12 

performance  after  the  scheduled  accumulation  of  10  electrons. 

3.1.2  Breadboard  Tube  Encapsulation  and  Testing 

The  encapsulation  process  for  the  SHAD  flight  Digicons  was  devel¬ 
oped  using  space-compatible  materials  based  on  experience  with  the  University 
of  Maryland  quad  guider  tubes  and  with  the  ST  FOS  flight  Digicons.  This 
process  was  tested  on  a  non-operating  tube  and  the  problems  initially  en¬ 
countered  with  material  compatibility,  adhesion,  and  surface  preparation 
worked  out.  Following  successful  processing  of  non-working  tubes,  the 
first  SHAD  breadboard  tube,  S/N  638-5,  was  encapsulated  using  this  process. 
Post-encapsulation  testing  revealed  that  the  tube  was  no  longer  operational. 
We  dissected  the  tube  and  found  that  the  indium  seal  had  failed,  most  prob¬ 
ably  during  the  encapsulant's  cure  cycle.  It  appears  that  the  force  on  the 
tube's  anti-corona  shield  due  to  differential  expansion  during  the  potting 
cure  was  sufficient  to  mechanically  force  the  faceplate  from  its  indium  seal. 
Additional  problems  were  found  during  thermal  testing  of  the  encapsulated 
assembly. 
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Figure  4  (Continued). 
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May  30,  1984 


SHAD  QUAD  DIGICON  [1-131-08-645] 

SAI  P/N:  131-18-110-000 
S/N:  676-5  (F#l) 

Contract  No:  N00014-82-C- 0363 

Office  of  Naval  Research 


CERTIFICATE  OF  PERFORMANCE 


This  is  to  certify  that  the  item  noted  was  tested  in  accordance  with  the 
SAI  Acceptance  Test  Procedures  AT-18-4.1—  Photocathode  Response  (QE ) , 

AT-18-4.2A—  Diode  Array  Response,  AT-18-4.3A-  Digicon  Performance,  and 
AT-18-4.4—  Physical,  Mechanical  Dimensions  (Ref  Request  for  Deviation/Waiver 
5/29/84  #W8401 ) .  Test  Data  Summary  Sheets  are  attached  for  each  test.  Physical 
test  reports  and  data  on  file  at  this  facility  and  are  available  for  review  by  ONR. 


Gary  L.  Russell 
Quality  Assurance 


Distribution:  SAI  Test 

SAI  QA 

SAI  Contracts  (4) 
SAI  File 


Science  Applications,  Inc.  11526  Sorrento  Valley  Road,  Suite  A,  San  Diego.  California  92121,  (619)  458-3700 

Other  SAI  Offices  Albuquerque, Ann  Arbor, Arlington, Atlanta.Boston.Cbicago.Huntsville.La  Jolla,Los  Angeles, McLean, Palo  Alto.Santa  Barbara.Sunnyvahe  4  Tucson 


AT  18-4.0 
Initial  Release 
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AT  18-4.4 
Initial  Release 
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/7#  SCIENCE  APPLICATIONS,  INC. 
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Attn:  Mr.  E.  C.  Aaron 

EFFLUENT  CONTROL  LAB 
1030  SORRENTO  VALLEY  BLVD. 
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5AI  TECHNOLOGY  COMPANY 
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SAN  DIEGO.  CA.  92121 
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AT  18-4.0 
Initial  Release 


ENCAPSULATED  DIGiCON  ACCEPTANCE  TESTS  (SHAD) 
DIG  ICON  NO. 


TEST 

DATE 

4.1 

PHOTOCATHODE  RESPONSE  (QE) 

1 0-A-&A 

4.2 

DIODE  ARRAY  RESPONSE 

a. 

Leakage 

10  -  S'- 

b. 

Capacitance 

tO  •  3  " 

c. 

AE/E 

ID  •  O  '  34 

4.3 

DIGICON  PERFORMANCE 

a. 

Magnification 

\ g-A-i  B4 

b. 

Error  Function 

10  -  A  - 

c. 

Dark  Count 

<0-4- f34 _ 

d. 

Uniformity 

ID-  *5  £4 

4.4 

PHYSICAL 

a. 

Diameter 

io-tT  -  £4 

b. 

Length 

IQ- 9- 

c. 

Centering 

10  -S~-  &LI 

d. 

Weight 

ro-s-^ 

Data 

Distribution: 

□ 

Test 

Build  Log  Book 

□ 

Test 

Lab 

□ 

Tube  Engineer 

a 

Quality  Assurance 

□ 

Customer 

□ 

File 

Science  Applications  International  Corporation 


December  3,  1984 


SHAD  QUAD  DIGICON  (1-131-08-645) 

SAIC  P/N:  131-18-110-000 
SAIC  S/N:  691-5  (F#2) 

Contract  No.:  N00014-82-C-0363 

Office  of  Naval  Research 


CERTIFICATE  OF  PERFORMANCE 


This  is  to  certify  that  the  item  noted  was  tested  in  accordance  with 
the  SAIC  Acceptance  Test  Procedures  AT-18-4.1-  Photocathode  Response  (QE), 
AT-18-4.2A-  Diode  Array  Response,  AT-18-4.3A-  Digicon  Performance,  and 
AT-18-4.4-  Physical,  Mechanical  Dimensions.  Test  Data  Surmiary  Sheets 
are  attached  for  each  test.  Physical  test  reports  and  data  are  on  file 
at  this  facility  and  are  available  for  review  by  0NR. 


ry  L.  Russell 


Gary 

Quality  Assurance 


Distribution:  SAIC  Test 
SAIC  QA 

SAIC  Contracts  (4) 
SAIC  File 


10401  Roselle  Dr .  San  Diego  California  92121.  (619)  458-3700 

Other  SAtC  Offices  AtbuQ-/erQue  Ann  Arbor  Arlington  Atlanta  Boston  Chicago  Huntsviiie  La  Joiia  Los  Angles  McLean  Pa>o  Alto  Santa  Barba r a  Sunnyvale  arnt 


3  December  1984 


Science  Applications  International  Corporation 
#21 6 


Office  of  Naval  Research 
Department  of  the  Navy 
459  Summer  Street 
Boston,  MA  02210 

Attention:  Dr.  Fred  Quell 

Subject:  Certificate  of  Performance 

Reference:  Contract  N00014-82-C-0363 

Gentlemen: 

Science  Applications  International  Corporation  (SAIC)  provides  herewith 
two  (2)  copies  of  the  "Certificate  of  Performance"  for  the  FOS  Digicon, 
SAI  Part  Number  131-18-110-000  and  Serial  Number  691-5  (F#2).  This  is 
to  certify  that  the  items  were  tested  in  accordance  with  the  attached 
test  reports,  in  accordance  with  the  above  referenced  contract. 

Should  you  require  any  additional  technical  information,  please  contact 
Mr.  Gary  Russell  at  (619)  458-3796. 

Very  truly  yours, 

SCIENCE  APPLICATIONS  INTERNATIONAL  CORP. 

Barbara  Bashforth  ^ 

Administrative  Assistant 

/bb 

Enclosures 

cc:  Mr.  Pete  Petiford  -  DCASMA  (San  Diego) 


rotor  Roselle  Dr.  San  Diego  California  92121  (619)  458-3700 
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FORM  APPROVED  OMB  NO.  11-H~0401 


MATERIAL  INSPECTION 

AND 
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DO  250 

ww  I  no  t* 


REPIACES  EDITION  Of  I  ADO  *7  WHICH  MAY  tt  USED 


7  June  1984 


#107 


Instrumentation  Technology 
Engineering,  Inc. 

10511  Tucker  Street 
Beltsville,  MO  20705 


Attention:  Mr.  E.  C.  Aaron 

Subject:  Material  Inspection  &  Receiving  Report  - 

Shipment  of  Photomultiplier  Tube 

Reference:  Contract  N00014-82-C-0363 

Gentlemen: 

In  accordance  with  the  requirements  of  the  above  referenced  contract. 
Science  Applications,  Inc.  (SAI)  provides  herewith  four  (4)  copies  of 
the  DO  Form  250,  Material  Inspection  and  Receiving  Report  completed  to 
verify  Shipment  No.  SAI0001 ,  entitled  "Quadrant  Photomultiplier  Tube" 
under  Contract  Line  Item  Number  0001AD.  SAI  has  been  directed  by  the 
ONR  Technical  Representative,  Dr.  Quell,  to  ship  directly  to  your 
facility  the  enclosed  tube. 

It  you  have  any  questions  of  a  technical  nature,  contact  Mr.  John  McCoy 
at  (619)  458-3794  or  Mr.  Gary  Russell  at  (619)  458-3796. 

Very  truly  yours. 


SCIENCE  APPLICATIONS,  INC. 

Barbara  Bashforth  Ls 
Administrative  Assistant 


/bb 


Enclosures 
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Mr.  John  Christensen  -  ONR  (CO) 


bcc:  ..  icCoy 
G.  Russell 
Chron 
File 

Deliverables 


Science  Applications,  Inc.  10401  Roselle  Street.  San  Diego,  California  92121,  (619)  456  3700 

Other  SAI  OMices  Albuquerque,  Atlanta.  Chicago.  Dayton.  Oanvar,  Huntsville,  Los  Angeles,  Oak  Ridge,  San  Ciego,  San  Francisco,  Tucson,  ana  Washington,  DC 


DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
DETACHMENT,  BOSTON 
495  SUMMER  STREET 
BOSTON.  MA  02210 


IN  REPLY  REFER  TO 

FWQracl 
31  May  1984 


SAI 

Attn:  Gerry  Russel 
Quality  Assurance 
10401  Roselle  Street 
San  Diego,  CA  92121 

Dear  Mr.  Russel: 

By  authority  of  this  letter  you  are  advised  to  ship  the  SHAD  flight 
FI  Quadrant  Tube  #676-5  with  open  waver  IW8401. 

Sincerely  yours, 

FRED  W.  QUELLE 
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21932.8  2073.94 


RESOLUTION 

(LAKClt  F<Incti 


STD.  DEV  OF  EFUN  »  .979058511223 


V&io/sjsi 
io-4 'V4 


AT  18-4.3 
Page  5 

4.3..c,d 


TUBE  NO.  0  j  -  ^  r^i  lAvr> 
DATE  /P'S  '  34 _ 

DIG1CON  PERFORMANCE 


c.  100  SECOND  INTEGRATION  DARK  COUNT 

qi  »  P>QT[ _ 

Q2  «=  5  73 _ 

Q3  =  41(p _ 

Q4  *  ^(oAr _ 

TOTAL  *  2l30 _ 

C  *  TOTAL/4 00  =  *iT  '  5  2-5" 

( Goa  1  =  10) 

d.  QUADRANT  RESPONSE  UNIFORMITY 

J  AVG 

Ql  A  1^3 

Q2  47M  -r  I  tJ> 3> 

03  Alslfr  f  \  °'i 

Q4  4  5^4  ~  0^1 


AVG  * 

(Goal  ±5Xl 


TEST  ENGINEER 


QA 


CUSTOMER  (if  applicable) 


Figure  4.3b 


TUBE 

NO.  6-VI--P 

AT  18-4.4 

Initial  Release 

DATE, 

IO  y-  3*1 

PHYSICAL/  MECHANICAL  DIMENSIONS 

Maximum  Diameter  (2.00  ±0.01  inch)  7." CO  I 
Maximum  Length  (3.50  ±0.01  inch)  ^  A0)0) 
Concentricity: 

Shield,  Anticorona  Metal ization. 

Cone  I.D.  Optical  Inspection 

(0.015  max.  TIR) . Verified  ,  Qj_ 

Weight  (Max.  350  g.) . Verified  3/ ' 


Dia. 

2.00 

±0.01 


0.015 


3.50  ±0.01 


Inspector  £>- 
Customer  (if  applicable) 


■u4 


o  h>  w 


Science  Applications  International  Corporation 

#215 


3  December  1984 


Office  of  Naval  Research 
Department  of  the  Navy 
459  Summer  Street 
Boston,  MA  02210 

Attention:  Dr.  Fred  Quell 

Subject:  Certificate  of  Performance 

Reference:  Contract  N00014-82-C-0363 

Gentlemen: 

Science  Applications  International  Corporation  (SAIC)  provides  herewith 
two  (2)  copies  of  the  "Certificate  of  Performance"  for  the  FOS  Digicon, 
SAI  Part  Number  131-18-110-000  and  Serial  Number  674-5  (F#3).  This  is 
to  certify  that  the  items  were  tested  in  accordance  with  the  attached 
test  reports,  in  accordance  with  the  above  referenced  contract. 

Should  you  require  any  additional  technical  information,  please 
contact  Mr.  Gary  Russell  at  (619)  458-3796. 

Very  truly  yours, 

SCIENCE  APPLICATIONS  INTERNATIONAL  CORP. 


orth  0 


Barbara  Bashforth  w 
Administrative  Assistant 


Enclosures 

cc:  Mr.  Pete  Petiford  -  DCASMA  (San  Diego) 


1040 1  Roselle  Dr .  San  Diego  California  92121,  (619)  458  3700 

Other  SA'C  Ott'ce  s  AiDuQue'Que  Anr  Arbo'  Arhng'on  Auanta  Boston  Chtcago  Huntsv/te  La  Jot /a  Los  Angeles  McLean  Pa  to  A /to  Santa  Barnaul  Sonn^ai**  ana  h/cso 


Science  Applications  International  Corporation 


December  3,  1984 


SHAD  QUAD  DIGICON  (1-131-08-645) 

SAIC  P/N:  131-18-110-000 
SAIC  S/N:  674-5  (F#3) 

Contract  No.:  N00014-82-C-0363 

Office  of  Naval  Research 


CERTIFICATE  OF  PERFORMANCE 

This  is  to  certify  that  the  item  noted  was  tested  in  accordance  • 

with  the  SAIC  Acceptance  Test  Procedures  AT- 1 8-4 . 1 -  Photocathode 
Response  (QE),  AT-18-4.2A-  Diode  Array  Response,  AT-18-4.3A-  Digicon 
Performance,  and  AT-18-4.4-  Physical,  Mechanical  Dimensions.  Test 
Data  Summary  Sheets  are  attached  for  each  test.  Physical  test  reports 
and  data  are  on  file  at  this  facility  and  are  available  for  review  by 
ONR.  "• 


Distribution:  SAIC  Test 
SAIC  QA 

SAIC  Contracts  (4) 
SAIC  File 


10401  Roselle  Dr.  San  Diego.  California  92121.  (619)  456-3700 

Other  SA/C  CW’Ces  Aiououeroue  Ann  Arbor  Arlington  Atlanta  Boston  Chicago  Huntsville  La  Joiia  Los  Angeles  McLean  Pa>c  Atto  Santa  Bat oa1  a  a^o 


JD 


SCIENCE  APPLICATIONS,  INC. 
TECHNOLOGY  DEVELOPMENT  GROUP  (TDG) 
TELEPHONE  •  SHIPPING/RECEIVING  OEPT:  (611)  458-3787.  458-3700 


:ROM: 

I  ELECTRONIC  VISION  AND  SYSTEMS  DIVISION 
— 1  11526  SORRENTO  VALLEY  ROAD,  SUITE  A 

SAN  DIEGO,  CA  92121 

XI  INSTRUMENTATION  DEVELOPMENT  LAB 
^  10373  ROSELLE  STREET 

SAN  DIEGO.  CA  92121 

H  RADeCCT 

— '  A  DIVISION  OF  SCIENCE  APPLICATIONS,  INC. 
10373  ROSELLE  STREET 
SAN  DIEGO,  CA  92121 


Instrumentation  Technology  Eng.  Inc 
10511  Tucker  St. 

Beltsville,  MD  20705 

ATTN:  Mr.  E.C. Aaron 


30NTRACT/PURCHASE  ORDER  NO. 

NOCC14-82-C-0?63 


PROJECT  NO. 

1-131-08-645 


I  DATE  DUE 


DATE  SHIPPED 


6-7-84 


SHIPPING  AUTHORIZATION  NO'S  SHIPMENT 

J.  McCoy  Q  PARTIAL  Q  FINAL 


NET  WEIGHT  GROSS  WEIGHT  CUBE 


SHIPPED  VIA 

Air 


COMPLETE 


NO  PACKAGES 


CARRIER 

Emery  04948767 


0  PREPAID  O  collect 


DESCRIPTION 


131-18-100-000  18mm  Quadrant  Digicon  Guider  Tube  Assy,  ea 

s/n  676-5(F-l) 


WHITE  -  PACKING  SUP 
BLUE  -  REQUESTOR 
GREEN  •  ACCOUNTING 


CANARY  ■  PURCHASING 
PINK  -  CONTRACTS 
GOLD  •  SHIPPING 


AUTHORIZED  SIGNATURE 


SCIENCE  APPLICATIONS,  INC. 

APPLIED  SCIENCE  &  TECHNOLOGY  GROUP 
TELEPHONE  •  SHIPPING/RECEIVING  DEPT.:  (714)  457  9150 


SHIPPER  CONTROL 


30M: 


Systems  Division 


TO. 


H  ECTRONIC  VISION  QQMRJUWX 
-*  ,526  SORRENTO  VALLEY  ROAD.  SUITE  A 

SAN  DIEGO.  CA  92121 


"1  INSTRUMENTATION  DEVELOPMENT  LAB 
-J  11526  SORRENTO  VALLEY  ROAD  .  SUITE  B 
SAN  DIEGO.  CA.  92121 


no.  1|0469 
_ | _ 


Instrumentation  Technology  engineering,  Inc. 
10511  Tucker  Street 
Beltsville,  MD  20705 

Attn:  Kr.  E.C.  Aaron 


1  EFFLUENT  CONTROL  LAB 
J  4030  SORRENTO  VALLEY  BLVD. 
SAN  DIEGO.  CA  92121 


□ 


~i  SAI  TECHNOLOGY  COMPANY 
J  4060  SORRENTO  VALLEY  BLVD. 
SAN  DIEGO.  CA.  92121 


ONTRACT/PURCHASE  ORDER  NO. 

N00014-82-C-0363 

PROJECT  NO. 

1-131-08-645-00 

DATE  DUE 

12/5/84 

DATE  SHIPPED 

12/3/84 

.HIPPING  AUTHORIZATION  NO'S. 

SHIPMENT 

CH  PARTIAL  0  FINAL  □  COMPLETE 

NET  WEIGHT 

GROSS  WEIGHT 

mu 

NO  PACKAGES 

1 

SHIPPED  VIA 

Air 

CARRIER 

Federal  Express 

FOB 

Dest 

PH  PREPAID 

'  OcOLLEC 

REMARKS 


DESCBIPT! OH 


SHAD  Flight  Digicon  #3 
SAIC  P/N  131-18-110  000 
S/N  674-5 

Line  Item  0001AF 
Copy  of  Test  Data 


ea  1  1 


ea  1  1 


OK  t£>  5A/p 


/z/ ■$/£</ 


30*/ ft# 


\w<1  J 


MATERIAL  INSPECTION 
AND 

RECEIVING  REPORT 


7  Shipment  no 


SAI0002 


3  DATE  SHIPPED 

840EC03 


»  prime  coniracio*  code  |  52302 

Science  Applications  International  Corp. 
10401  Roselle  Street 
San  Diego,  CA  92121 


FORM  APPROVED  OMB  NO.  31-R-040} 


6  INVOICE 


10  ADMINISIERED  BY 


DCASMA  -  La  Jolla 
Bldg.  4,  AF  Plant  19 
4297  Pacific  Highway 
San  Diego,  CA  92110 


8  ACfEPIANCE  POINT 

D 


code  |  S0514A 


II  Shipped  f  ROM  Jl  oihti  ihon  9>  CODE 


Same  as  Block  9. 


52302 


I?  PAYMENT  will  BE  MADE  BY 


S0506A 


DCASMA  -  Los  Angeles 
11099  So.  La  Cieneoa  Blvd. 
P.0.-Rox  45011 
Los  Angeles,  CA  90045 


13  Shipped  TO 


Instrumentation  Technology  Engineering,  Inc. 
10511  Tucker  Street 
Beltsville,  MD  20705 


STOCK  PART  NO  DESCRIPTION 

i  tnd«o(t  number  of  tA. pp<ng  conto  ne/ 1  type  of 
conto-ner  container  number  i 


The  Contractor  shall  design,  build,  test 
and  deliver  one  space-qualified  flight 
model  of  their  intensified  quadrant 
photomultiplier  tube. 

« 

SAIC  Part  Ho.  131-18-110-000 
Serial  No.  674-5  (F#3) 

(18  mm  Quadrant  Oiqicon  Guider  Tube 
Assembly) 


PROCUREMENT  QUALITY  ASSURANCE 


6  DESTINATION 


ACCEPTANCE  «l  -tpm%  k<i»  li»#« 

M*  'vVP'OVO"  l  *o 

»«t»d  fcpif*  o'  o*  xiri’O'  i'»q 


SIGNATURE  Of  AUTHGOVT  RE P 


TYPED  NAME 
AND  TITLE 


2?  RECEIVER  S  USE 

OuanMie*  shown  m  column  1  7  were  receded  »n 
opponent  good  condition  e*c*pt  os  noted 


DATE  RECEIVED  SIGNATURE  Of  AUTH  GOVT  REP 

TYPED  NAME 
AND  Of  F ICE 

'If  quantity  received  by  the  Go n  the  iomf  oi 
quantity  jnipped,  indicate  by  <  »  1  mark,  if  different, 
enter  octvoi  quonhty  received  below  quantity  ihipped  0 

and  encircle. 


DD  250 

I  NOM  *JW 


Rf  PI  ACCS  tOIT  ON  Of  I  AUG  63  WHICH  MAY  Bt  USCO 


MATERIAL  INSPECTION 
AND 

RECEIVING  REPORT 


3  DATE  SHIPPED 

840CT04 


ae  contractor  coot  |  52302 

ence  Applications  International  Corp. 
01  Roselle  Street 
Diego,  CA  92121 


I  PROC  INSTRUMENT  DEN  iCOniRaCII 

N00014-82-C-0363 


FORM  APPROVED  OMO  NO.  2J-N-U40) 


I  ORDER  i  NOJ  6  INVOICE 


16  ACCEPTANCE  POINT 


IPPEDTROM(Hoi>i«i  IlionVl  CODE]  52302 
e  as  Block  9. 


ADMINISTERED  (V 

DCASMA  -  La  Jolla 
Bldg.  4,  AF  Plant  19 
4297  Pacific  Hiqhway 
San  Diego,  CA  92110 


PAYMENT  Will  BE  MADE  BY 

DCASMA  -  Los  Angeles 
11099  So.  La  Cieneoa  Blvd. 
P.0.  Box  45011 
Los  Angeles,  CA  90045 


COOfl  S0514A 


COOf  I  S0506A 


trumentation  Technology  Engineering,  Inc. 
11  Tucker  Street 
tsville,  MD  20705 


MOCK  PARI  NO  DESCRIPTION 

ilnduui e  number  of  shipping  confo<ners  type  of 
tonloinc t  (onlumn  nuffibfi  / 


The  Contractor  shall  design,  build,  test 
and  deliver  one  space-qualified  flight 
model  of  their  intensified  quadrant 
photomultiplier  tube. 

SAIC  Part  No.  131-18-110-000 
Serial  No.  691-5  (F#2) 


PROCUREMENT  quality  assurance 


SIGNATURE  Of  AUlH  GOvI  REP 


7?  RKHVERSUSE 

Quantities  shown  m  column  17  were  ieceived  m 
apparent  good  condition  except  os  noted 


DATE  RECEIVED  SIGNATURE  Of  AUTHGOvT  REP 


TYPED  NAME 
AND  Off  ICE 


li  quunhiy  received  by  the  Government  r»  the  same  o 
quantity  shipped.  md«cofe  by  I  ♦  »  mock.  rf  dilftitnt 

enier  uc luol  qvonhty  received  below  quonfily  thippec 
ond  en<  .ic/e 


AT  18-4.0 
Initial  Release 


ENCAPSULATED  D1GICON  ACCEPTANCE  TESTS  (SHAD) 
DIGICON  NO.  >^4 

F-b 


TEST 

DATE 

4.1 

PHOTOCATHODE  RESPONSE  (QE) 

LhJdd- 

4.2 

DIODE  ARRAY  RESPONSE 

a.  Leakage 

H'2.0'  H 

b.  Capacitance 

c.  AE/E 

USo-M 

4.3 

DIGICON  PERFORMANCE 

a.  Magnification 

il- 11 -84 

b.  Error  Function 

11-19 -P4- 

c.  Dark  Count 

ii  lc)  M 

d.  Uniformity 

n  19M 

4.4 

PHYSICAL 

a.  Diameter 

ii  io- (4 

b.  Length 

1 1*  Jo-04 

c.  Centering 

II  io  64 

d.  Weight 

iliO'84 

Data  Distribution: 


□  Test  Build  Log  Book 

□  Test  Lab 

□  Tube  Engineer 

□  Quality  Assurance 
D  Customer 

D  File 


(/Hr) 


PII0T0CA7H0DE  RESPONSE  v 

Visible  Current  Mode  Quantum  Efficiency  Data  Sheet 


alculated  QEX 


Tube  Signal  x  standard  Calibration  QAX 

Calibration  Standard  Signal 


F-3 


Symbol 

Date 

® 

1 1  l-  84 

l=g|||||||E=iiiegi===i=5Eig5£=||lf=====ili|||i 
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■■■■■■■■■■■■■■■■■■■■■■ggggggj 
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iimiim 


■■■■■■■■■I 
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500  600 

Wavelength  (nm) 


ature 


0  DECREES  CENTIGRADE 


UBE  SCAN 

2/2  /83  9  :  55  <10  Sec. > 

OUND  COUNT  FOR  10  INTERVALS  OF  1  SEC  EACH 

LECTION  OF  X=  0  t,  Y=  0 

INC.  ACCEPTED  =  5 

LIMIT  =  100  COUNTS 

ATURE  =  0  DEGREES  CENTIGRADE 

DIODE  - COUNT  S - 


NUMBER 

ISOLATED 

FILTERED 

TOTAL 

1 

0 

118 

118 

£- 

0 

96 

96 

3 

0 

95 

95 

4 

0 

93 

93 

402 

402 

ITERVALS  REJECTED;  0  INTERVALS  WITHOUT  COUNTS 
'ATURE  =  0  DEGREES  CENTIGRADE 


TUBE  SCAN 

2  ✓  2  / 83  9:5?  <0  Sec.) 

’•lOUND  COUNT  FOR  100  INTERVALS  OF  1  SEC  EACH 
-LECTION  OF  X=  0  &  Y-  0 

3  INC.  ACCEPTED  =  5 

LIMIT  =  1G0  COUNTS 

MATURE  =  0  DEGREES  CENTIGRADE 

=•  DIODE  - COUNTS - 


?  NUMBER 

ISOLATED 

FILTERED 

TOTAL 

1 

0 

1 118 

1  118 

tL 

0 

975 

975 

3 

0 

874 

874 

4 

0 

946 

946 

ALS 

3913 

3913 

INTERVALS  REJECTED;  0  INTERVALS  WITHOUT  COUNTS 


RATURE 


0  DEGREES  CENTIGRADE 


SHAD  D1GIC0N  DARK  COUNT 


30  SECOND  INTEGRATION 

qi  =  ms _ 

Q2  =  9  is _ 

03  =  SI 4 _ 

Q4  =  940 _ 

TOTAL  =  3913 _ 

C  =  T0TAL/400  =  #7/ 

UADRANT  UNIFORMITY 

%  AVG 

nn 

IMJL 
99J7 
/60'J3 


qi  31  SO 
02  3100 
Q3  3  ISO 
04  31 0)0 

AVG  -  JJSS 


EST  ENGINEER 


QA 


2/2  /&3 
TUBE  SCAN 


16  :  12 


<  21  Sec.) 


672  RESOLUTON 
JEEP  9  Y  *  0 

-50  TO  50  IN  21  STEPS  OF  5  EACH  1  Sec 


IP  No.  1  COUNTER  No.  18  DIODE  No.  1  THRESHOLD  =  54 

:  MAX, SCALE  MIN  *  20000  0 


+  ♦  •» 


4 


+ 


' _ 1 _ 1 _ 1 _ I _ I _ I - 1 - 1 - 1 - 

-50  50 

- DEFLECTIOH<D/'A  UNITS) - 

l  ,  Hfh.2,FWHM,Pc>s.  =  -47,09  16.35  63.44  -15.37 

-90X ,  90*.- 1  O':,  AVE=  3.36  31.05  17.2  r  2i.6£«a 

COUNT, MIN  COUNT  *  20e84.4  3374.68 


2/2  /83 
ID  TUBE  SCAN 


9  5  34 


<3  S«c  .  > 


(OR  FUNCTION  (FINE)  2/2/84 
•SWEEP  d  Y  =  -2 

)M  -15  TO  15  IN  31  STEPS  OF  1  EACH  1  S«c 

[AMP  No.  1  COUNTER  No.  18  DIODE  No.  1  THRESHOLD  =  84 

1LE  MAX, SCALE  MIN  »  20000  0 


+  + 


*■*■■*•  * 


4 


+ 


+ 


4 


4 


+ 


+ 


4 


4  4 


+  4  +  f 


+ 


DEFLECT  I ON (D/ A  UNITS) 


i  c/a  ''\or 


>TD.  DEV  OF  EFUN  »  .90615106272? 

1UMSUM  *  2718.4 

IEAN  EFUN  *  .224906928429 


m 1 , HP  m2 , FWHM, Pos .  =  -14.45  3.04  17.49  -5.7 

•  );-90,/.,90J;-10V.,AVE=  .72  4.04  2.38  ^  =  40.4  u. 

IX  COUNT, MIN  COUNT  =  21779.7  2278.21  r 


TUBE  NO.  &  72 -A 
date  2/S/24 


SHAD  DIG  I  CON  MAGNIFICATION  TEST 


1/2 

CENTER 

1/2 

y  Divisions  2)i  f* 

zz 

Count  Rate  2*72^ 

6i000 

sobs' 

S  (Total  No.  Divisions)  22-2. 4  /  2.2  -  2Q  2 _ _ 

W  =  S  *  (y/Di visions)  =  2/‘  <P _  *  S3‘  72* 

M  (Magnification)  =  D/W  =  200 _ /  223. 12  -  O.  77.2* 

(D  =  Diode  Width) 


DIODE 


1/2  CENTER  1/2 

y  Divisions  _  _  _ 

Count  Rate  _  _  _ 

S  (Total  No.  Divisions)  _  =  _ 

W  =  S  *  (y/Divisions)  =  _ * _ =  _ 

M  (Magnification)  =  D/W  =  _ / _  =  _ 

(D  =  Diode  Width) 


TEST  ENGINEER 


/ick'}/ OQicCoc? 


QA 


AT-3012 
Figure  5 

VISIBLE  CURRENT  HOPE  QUANTUM  EFFICIENCY  DATA  SHEET 


Wave 

engt 

(nm) 


4 00  nm 


420  nm 


460  nm 


480  nm 


Standard 

Calibration 

(mA/w)/Q.E. 

Standard 

Signal 

Current 

(nA) 

/£.! 

■M6-9 

Calculated 


Tube 

Signal 

Current 


520 

nm 

540 

nm 

560 

nm 

580 

nm 

600 

nm 

620 

nm 

640 

nm 

660 

nm 

680 

nm 

700 

nm 

740 

nm 

760 

nm 

780 

nm 

800 

nm 

820 

nm 

840 

nm 

860 

nm 

880 

nm 

900 

nm 

Calculated 

Q.E. 

(X) 


21.81 


las.s) 


Tote  tlo. 

PMOTOCATMbE  £ES#WS£  _ 

\J  i  b  &  Current  fftode  Quantum  ££P>{*n<rt\ 
boi'ta.  $>keet 


aZzS_ 

2-£-Q<)- 


500 


S  CoO 


(oOO 


£>(o0 


700 


7  CoO 


BOO 


Calibration 

bfardatj  Standard 
Oiejf&l  Calibration 

(A)  U  ('&£%) 


.  afi  1  I  /4.3> 


Oorm  pn'ts 


OUT 

Calculated 

OE 

/oi\ 


.IpOS  H  .377  1-9  /5#4 


4 feo  i  ,!5o  r8 

I  •8>9o  '-? 

IDS 

n  !  >7-7 

» 28>&>r 


.313  i-S  ,/3& 


s>o  fJ-her-  /4,0 


"  :  8.9) 


£}rtt/)Q&  fc  jh&r  1  £.?4 


//  4/  2-^p 


0 

m»u 

"  \ 

i\j 
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SERIAL  NUMBER  672-5 
UNENCAPSULATEO  TUBE  (SPARE) 


AT  18-4.4 
Initial  Release 


T 


er  t 


TUBE  NO.  <t>  '^4  '  ^  ^ 

DATE  l Ll3$zJ—L 


PHYSICAL,  MECHANICAL  DIMENSIONS 


a.  Maximum  Diameter  (2.00  ±0.01  inch)  L  •  OO^i 

b.  Maximum  Length  (3.50  ±0.01  inch)  S  •  7  0  3 

c.  Concentricity: 


d. 


Shield,  Anticorona  Metalization, 
Cone  I.D.  Optical  Inspection 


(0.015  max.  TIR) . Verified 

Weight  (Max.  350  g.) . Verified 
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S  (Total  No.  Divisions) 

W  =  S  *  (y/Di visions)  =  _ 

M  (Magnification)  =  D/W  = 
(D  =  Diode  Width) 
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S  (Total  No.  Divisions)  -  46?^" 

W  =  S  *  (y/Divisions)  ■  if  I  * 


M  (Magnification)  =  D/W  =  40 D  /  fall) 

(D  =  Diode  Width) 
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TEST  ENGINEER 
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S  (Total  No.  Divisions)  b 

W  =  S  *  (y/Divisions)  =  Q>  3 _ *  _ 

M  (Magnification)  =  D/W  =  ^CO/o  / 
(D  =  Diode  Width) 


1Qa±_ 


0± _ 

1/2  CENTER 

y  Divisions 
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S  (Total  No.  Divisions)  A&1?  =  ( 

W  =  S  *  (y/Divisions)  =  Q>  *  I  0  A 

M  (Magnification)  =  D/W  =  ^OQZt  /  “2-0 

(D  *  Diode  Width) 
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